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APPARATUS AND METHOD FOR extractor exceeds a predetermined threshold . The deviation 
RECOGNIZING TRAVEL LANE determiner is configured to , if two or more shape change 

points are extracted by the shape change point extractor and 
CROSS - REFERENCE TO RELATED the second derivative value of curvature of the extracted 

APPLICATION boundary line at at least one of the two or more shape change 
points is inverted in sign , determine whether or not the 

This application is based on and claims the benefit of extracted boundary line and an estimated boundary line that 
priority from earlier Japanese Patent Application No. 2017 is a boundary line estimated from the travel lane parameters 
5347 filed Jan. 16 , 2017 , the descriptions of which are estimated by the travel lane parameter estimator are devi 
incorporated herein by reference . ating from each other beyond a predetermined allowable 

range . The driving aid is configured to , if it is determined by 
BACKGROUND the deviation determiner that the extracted boundary line and 

the estimated boundary line are deviating from each other Technical Field beyond the predetermined allowable range , perform control 
This disclosure relates to techniques for recognizing upon deviation to prevent occurrence of undesirable situa 

boundaries of a travel lane that an own vehicle is traveling tions that may be caused by deviation between the extracted 
in from an image captured by a vehicle - mounted camera . boundary line and the estimated boundary line . 

With this configuration , if two or more shape change 
Related Art 20 points are extracted and the second derivative value of 

curvature of the extracted boundary line at at least one of the 
A technique disclosed in Japanese Patent Application two or more shape change points is inverted in sign , the 

Laid - Open Publication No. 2011-198110 is configured to extracted bo ary line and the estimated boundary line are 
detect edges of lane lines of a travel lane from an image likely to be deviating from each other . Therefore , it is 
captured by a vehicle - mounted camera looking forward , and 25 determined whether or not the extracted boundary line and 
using a Kalman filter , estimate travel lane parameters , such the estimated boundary line are actually deviating from each 
as a curvature , a yaw angle , and a pitch angle . other . That is , assuming that the travel lane is crooked such 

A filter with high responsivity used for estimation of such that the extracted boundary line and the estimated boundary 
travel lane parameters is liable to pick up noise , which may line are liable to deviate from each other , it is determined 
lead to unstable estimation of the travel lane parameters . 30 whether or not the extracted boundary line and the estimated 
Therefore , the responsivity of the filter is set low enough to boundary line are deviating from each other . If it is deter 
prevent unstable estimation of the travel lane parameters . mined that the extracted boundary line and the estimated 
However , with such low responsibility of the filter , estima boundary line are deviating from each other , control upon 
tion of the travel lane parameters may fail to follow changes deviation will be performed . This configuration can prevent 
in shape of a crooked lane or the like having alternatingly 35 occurrence of undesirable situations that may be caused by 
reversal curves appearing at short intervals , such as a right deviation between the extracted boundary line and the 
turn lane ( in the case of the left - hand traffic ) , which may lead estimated boundary line associated with the same extracted 
to reduced accuracy of estimating the travel lane parameters . boundary line , that is , decreased accuracy of estimating the 
Thus , the accuracy of various controls using the travel lane boundary line . 
parameters may be decreased . 

In view of the above , techniques are desired for prevent BRIEF DESCRIPTION OF THE DRAWINGS 
ing undesirable situations caused by reduction in the accu 
racy of estimating a shape of a travel lane with a complex FIG . 1 is a block diagram of a driving aid system in 
shape . accordance with one embodiment of the present disclosure ; 

FIG . 2 is an illustration of an imaging field of an imager ; 
SUMMARY FIG . 3 is a functional block diagram for a parameter 

estimation function implemented by a controller ; 
In accordance with an exemplary embodiment of the FIG . 4 is an illustration of shape change points ; 

present disclosure , there is provided an apparatus for rec FIG . 5 is a flowchart of deviation determination process 
ognizing a travel lane of a vehicle includes an image 50 ing performed by the a deviation determiner ; 
acquirer , an edge extractor , a travel lane parameter estimator , FIG . 6 is an illustration of calculating amounts of devia 
a shape change point extractor , a deviation determiner , and tion ; 
a driving aid . FIG . 7 is an illustration of curves forming a roadway ; 

The image acquirer is configured to acquire , from a FIG . 8 shows exemplary graphs illustrating first deriva 
camera mounted in the vehicle , an image of the travel lane 55 tive values of curvature and second derivative values of 
ahead of the vehicle . The edge extractor is configured to curvature ; and 
extract boundary edge points used to estimate a boundary of FIG . 9 is an illustration of relationship between an 
the travel lane from the image acquired from the image extracted boundary line , a reference line , and maximal 
acquirer . The travel lane parameter estimator is configured to points . 
use a filter prepared in advance estimate travel lane 60 
parameters representing a condition and shape of the travel DESCRIPTION OF SPECIFIC EMBODIMENTS 
lane from coordinates of the boundary edge points extracted 
by the edge extractor . The shape change point extractor is Hereinafter , exemplary embodiments of the present dis 
configured to extract a shape change point at which an closure will be described in detail with reference to the 
absolute value of a second derivative value of curvature of 65 accompanying drawings , in which like reference numerals 
an extracted boundary line that is a boundary line repre refer to like or similar elements regardless of reference 
sented by the boundary edge points extracted by the edge numerals and duplicated description thereof will be omitted . 

40 

45 
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1. System Configuration when these functions are provided by an electronic circuit 
A driving aid system 1 according to one embodiment of which is hardware , the electronic circuit can be provided by 

the present disclosure will be described with reference to a digital circuit including a number of logic circuits , an 
FIG . 1. The driving aid system 1 is mounted in a vehicle and analog circuit , or a combination thereof . 
configured to detect stationary objects in front of the vehicle , 5 The image acquirer 41 is configured to acquire an image 
estimate a shape of a travel lane based on the detected from the imager 2 every predetermined time interval . 
stationary objects , and provide various driving aids based on The edge extractor 42 is configured to apply a sobel filter 
the estimated shape of the travel lane . In the following or the like to the image acquired from the image acquirer 41 
description , the vehicle carrying the driving aid system 1 to extract edge points , each of which may be a pixel where 
will be referred to as an own vehicle . The stationary objects 10 a difference in brightness between the pixel and its adjacent 
include , but are not limited to , lane lines or markings painted pixel is above a predetermined threshold . 
on a roadway surface , and guardrails . The line candidate extractor 43 is configured to Hough 

The driving aid system 1 includes an imager 2 , sensors 3 , transform the edge points extracted by the edge extractor 42 
a controller 4 , and a driving aid 5 . to extract one or more boundary line candidates for each 

The imager 2 may include a charge - coupled device 15 boundary of the travel lane . 
( CCD ) camera , a complementary metal - oxide semiconduc The boundary line selector 44 selects , from the boundary 
tor ( CMOS ) image sensor , a near - infrared camera or the like line candidates extracted by the line candidate extractor 43 , 
to capture images of a travel lane ahead of the own vehicle . a pair of boundary line candidates that can be assumed to 
More specifically , as shown in FIG . 2 , the imager 2 is represent left and right boundaries of the travel lane of the 
installed in the front center of the own vehicle to capture 20 own vehicle . 
images of a front area that horizontally spans a pre - defined The parameter estimator 45 is configured to use a Kalman 
range of angles to an imaging axis . filter to calculate travel lane parameters representing a 

The sensors 3 are mounted in the own vehicle to detect condition and shape of the travel lane for the own vehicle , 
conditions and behaviors of the own vehicle . More specifi where coordinates of boundary edge points that are edge 
cally , the sensors 3 include at least a vehicle speed sensor 25 points constituting left and right boundary lines of the travel 
configured to detect a vehicle speed of the own vehicle based lane selected by the boundary line selector 44 are observa 
on a rotational speed of the vehicle wheels . The sensors 3 tions . The parameter estimator 45 is configured to output the 
may further include a yaw rate sensor configured to detect an calculated travel lane parameters to both the deviation 
angular turning speed of the own vehicle , a GPS sensor determiner 47 and the driving aid 5 . 
configured to detect a location of the own vehicle , and a 30 Among the travel lane parameters , parameters represent 
radar sensor configured to detect a distance and a relative ing a condition of the travel lane for the own vehicle may 
speed between the own vehicle and target existing around include an offset yc , a lane slope q , and a pitching amount 
the own vehicle . B. Among the travel lane parameters , parameters represent 

The controller 4 may be formed of one or more micro ing a shape of the travel lane for the own vehicle may 
computers , each incorporating therein a central processing 35 include a curvature p and a lane width WI . The offset ?? is 
unit ( CPU ) 4a and a memory 4b that is a non - transitory a distance between a center line of the imager 2 extending 
computer readable storage medium ( e.g. , random access in the travel direction and a lateral ( or lane width wise ) 
memory ( RAM ) , read only memory ( ROM ) , and flash , etc. ) . center of the travel lane . The offset yc represents a lateral ( or 
Various functions of the controller 4 may be implemented by lane width wise ) displacement of the own vehicle . When the 
the CPU 4a executing programs stored in the memory 4b , 40 own vehicle is traveling in the center of the travel lane , the 
thereby performing methods corresponding to the programs . offset yc is zero . The lane slope p is a slope of a tangent line 

The driving aid 5 is configured to actuate various con to a virtual center line between the left and right boundary 
trolled objects based on results of recognition by the con lines from the travel direction of the own vehicle . The lane 
troller 4 for a shape of the travel lane and results of detection slope o represents a yaw angle of the own vehicle . The 
by the controller 4 for various targets and thereby perform 45 pitching amount ß represents a pitch angle of the own 
driving aid control , such as lane keeping assist . The con vehicle with respect to the travel lane . The curvature is 
trolled objects may include actuators for actuating a brake , curvature of the virtual center line between the left and right 
a steering system , a seat belt and others , and an alarm device . boundary lines . The lane width WI is a spacing between the 

2. Processing left and right boundary lines of the travel lane in a direction 
The functions of the controller 4 implemented by the CPU 50 perpendicular to a longitudinal center line of the own 

4a executing programs stored in the memory 4b include a vehicle . The lane width WI represents a width of the travel 
target detection function and a travel lane recognition func lane . 
tion . The target detection function is a function to detect Estimation of the travel lane parameters using the Kalman 
various targets based on images acquired from the imager 2 filter may use a technique disclosed in Japanese Patent 
and information acquired from the sensors 3. Such a target 55 Application Laid - Open Publication No. 2015-199423 and 
detection function is well known and will therefore not be will therefore not be described in detail . 
described in detail . As shown in FIG . 4 , each boundary line connecting 

To implement the travel lane recognition function , the boundary edge points is referred to as an extracted boundary 
controller 4 includes , as functional blocks shown in FIG . 3 , line . The shape change point extractor 46 is configured to 
an image acquirer 41 , an edge extractor 42 , a line candidate 60 extract a shape change point at which an absolute value of 
extractor 43 , a boundary line selector 44 , a parameter a second derivative value of the curvature of the extracted 
estimator 45 , a shape change point extractor 46 , and a boundary line becomes equal to or greater than a predeter 
deviation determiner 47. The line candidate extractor 43 , the mined threshold and calculate coordinates of the shape 
boundary line selector 44 , and the parameter estimator 45 change point . When there is a plurality of such shape change 
forms a travel lane parameter estimator 48 . 65 points , the shape change point extractor 46 extracts all of 

These functional blocks may be implemented by software them and acquires the number of the extracted shape change 
only , hardware only , or a combination thereof . For example , points . More specifically as shown in FIGS . 7 and 8 , each 

P a 
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shape change point is detected at a point where a straight line extracted boundary line and the estimated boundary line 
transitions to a relaxation curve or vice versa , or at a point associated with the same extracted boundary line in the 
where a relaxation curve transitions to a simple circular lateral or vehicle width wise direction . For illustrative pur 
curve or vice versa . The relaxation curve is a curve along poses , in the present embodiment , if the determination 
which the curvature gradually decreases or increases and the 5 object point along the extracted boundary line is present on 
simple circular curve is a curve with a constant curvature . the left hand side of the estimated boundary line associated 

The shape change point extractor 46 is configured to with the same extracted boundary line , the amount of the 
extract a shape change point in a simple manner . More deviation may be a positive value . If the determination 
specifically , as shown in FIG . 9 , the shape change point object point along the extracted boundary line is present on 
extractor 46 extracts a point along an extracted boundary 10 the right hand side of the estimated boundary line associated 
line such that a distance from the point to a reference line for with the same extracted boundary line , the amount of the 
the extracted boundary line becomes maximal , as a shape deviation may be a negative value . In cases where there is 
change point . The reference line for the extracted boundary only either a left or right extracted boundary line , the 
line is a straight line connecting a point closest to the own deviation determiner 47 calculates an amount of deviation 
vehicle along the extracted boundary line and a point 15 for the left or right extracted boundary lines . 
furthest away from the own vehicle along the same extracted At step S140 , the deviation determiner 47 determines 
boundary line . whether or not both the left and right extracted boundary 

A boundary line calculated from the travel lane param lines have been extracted . If it is determined that both the left 
eters estimated by the parameter estimator 45 is referred to and right extracted boundary lines have been extracted , then 
as an estimated boundary line . The deviation determiner 47 20 the process flow proceeds to step S150 . If it is determined 
is configured to determine whether or not the estimated that only either one of the left and right extracted boundary 
boundary line and the extracted boundary line are deviating lines has been extracted , then the process flow proceeds to 
from each other and output a determination result to the step S160 . 
driving aid 5 . At step S150 , the deviation determiner 47 determines 

3. Deviation Determination Processing 25 whether or not a deviation direction of the left estimated 
Deviation determination processing to be performed in boundary line from the left extracted boundary line and a 

the deviation determiner 47 will now be described with deviation direction of the right estimated boundary line from 
reference to a flowchart of FIG . 5. This deviation determi the right extracted boundary line are the same direction . If 
nation processing is performed each time the travel lane it is determined that the deviation direction of the left 
parameters are estimated by the parameter estimator 45 and 30 estimated boundary line from the left extracted boundary 
the shape change points are extracted by the shape change line and the deviation direction of the right estimated 
point extractor 46 from the same image . boundary line from the right extracted boundary line are the 
Upon initiation of deviation determination processing , at same direction , the process flow proceeds to step S160 . 

step S110 , the deviation determiner 47 determines whether More specifically , if both the deviation amount of the left 
or not there are a plurality of shape change points extracted 35 estimated boundary line from the left extracted boundary 
from either one of the left and right extracted boundary lines line and the deviation amount of the right estimated bound 
by the shape change point extractor 46. If it is determined ary line from the right extracted boundary line have the same 
that there are a plurality of shape change points extracted sign , it is determined that deviation directions of the left and 
from either one of the left and right extracted boundary lines right estimated boundary lines are the same direction . 
by the shape change point extractor 46 , then the process flow 40 At step S160 , the deviation determiner 47 determines 
proceeds to step S120 . In cases where there is only one of whether an allowable range is exceeded . If it is determined 
the left and right extracted boundary lines , the deviation that the allowable range is exceeded , then the process flow 
determiner 47 determines whether or not there are a plurality proceeds to step S170 . More specifically , if the absolute 
of shape change points extracted from the one of the left and value of the amount of deviation has exceeded a predeter 
right extracted boundary lines . 45 mined deviation threshold , then it is determined that the 

At step S120 , the deviation determiner 47 determines allowable range is exceeded . In cases where the amount of 
whether or not there is at least one shape change point deviation has been calculated for each of the left and right 
extracted by the shape change point extractor 46 on each of extracted boundary lines , it may be determined that the 
the left and right hand sides of the reference line . If it is allowable range is exceeded if at least one of the absolute 
determined that there is at least one shape change point on 50 value of the amount of deviation for the left extracted 
each of the left and right hand sides of the reference line , boundary line and the absolute value of the amount of 
then the process flow proceeds to step S130 . deviation for the right extracted boundary line has exceeded 
At step S130 , the deviation determiner 47 calculates , for the predetermined deviation threshold . Alternatively , it may 

each of the left and right extracted boundary lines , an be determined that the allowable range is exceeded if both 
amount of deviation between the extracted boundary line 55 the absolute value of the amount of deviation for the left 
and the estimated boundary line associated with the same extracted boundary line and the absolute value of the amount 
extracted boundary line . Thereafter , the process flow pro of deviation for the right extracted boundary line have 
ceeds to step S140 . More specifically , as shown in FIG . 6 , as exceeded the predetermined deviation threshold . The devia 
viewed from the own vehicle , the closest shape change point tion threshold is not limited to a fixed value . For example , 
that changes sides with respect to the reference line is a 60 the deviation threshold may be variably set as a function of 
determination object point . That is , the closest shape change a distance from the own vehicle to the shape change point 
point at which the second derivative value of curvature of used to calculated the amount of deviation such that the 
the extracted boundary line is inverted in sign is a determi deviation threshold increases with increasing distance from 
nation object point . The amount of deviation between the the own vehicle to the same shape change point . 
extracted boundary line and the estimated boundary line 65 At step S170 , the deviation determiner 47 outputs a 
associated with the same extracted boundary line is a determination result that deviation has been detected to the 
distance between the determination object point along the driving aid 5. Thereafter , the process flow ends . 
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If the answer is “ NO ” in step S110 , S120 , S140 , S150 , or any other filter used to estimate a state space model , such as 
S160 , then the process flow proceeds to step S180 . Hoo filter , may be used to estimate the travel lane parameters . 

At step S180 , the deviation determiner 47 outputs a ( 5c ) The functions of a single component may be distrib 
determination result that no deviation has been detected to uted to a plurality of components , or the functions of a 
the driving aid 5. Then , the process flow ends . 5 plurality of components may be integrated into a single 

In response to the determination result that deviation has component . At least part of the configuration of the above 
been detected , the driving aid 5 performs control upon embodiments may be replaced with a known configuration 
deviation to avoid or suppress disadvantages caused by having a similar function . At least part of the configuration 
deviation . More specifically , the control upon deviation may of the above embodiments may be removed . At least part of 
include notification control to notify the driver that the 10 the configuration of one of the above embodiments may be 
accuracy of estimating the travel lane parameters has been replaced with or added to the configuration of another one of 
decreased and functionality suspension control to suspend the above embodiments . While only certain features of the 
some or all control functions using the travel lane param invention have been illustrated and described herein , many 
eters , such as inhibiting application of the travel lane param modifications and changes will occur to those skilled in the 
eters estimated beyond the determination object points . 15 art . It is , therefore , to be understood that the appended 

4. Advantages claims are intended to cover all such modifications and 
The present embodiment configured as above can provide changes as falling within the true spirit of the invention . 

the following advantages . ( 50 ) The present disclosure is not limited to the above 
( 4a ) In the driving aid system 1 , if two or more shape described apparatus for recognizing a travel lane corre 

change points along an extracted boundary line are 20 sponding to the controller 4 configured to implement the 
extracted , and if the extracted boundary line transversally travel lane recognition function . The present disclosure may 
intersects a reference line connecting a closest point and a be implemented in various forms , such as a system including 
furthest point along the extracted boundary line as viewed atus for recognizing a travel lane , programs 
from the own vehicle , it is determined whether or not the enabling a computer to serve as the apparatus for recogniz 
extracted boundary line and the estimated boundary line are 25 ing a travel lane , a non - transitory computer readable storage 
is deviating from each other . If it is determined that the medium storing these programs , and a method for recog 
extracted boundary line and the estimated boundary line are nizing a travel lane . 
is deviating from each other , notification control and / or What is claimed is : 
functionality suspension control are performed as control 1. An apparatus for recognizing a travel lane of a vehicle , 
upon deviation . This configuration can prevent occurrence 30 comprising : 
of undesirable situations that may be caused by deviation an image acquirer configured to acquire , from a camera 
between the extracted boundary line and the estimated mounted in the vehicle , an image of the travel lane 
boundary line associated with the same extracted boundary ahead of the vehicle ; 
line , that is , decreased accuracy of estimating the boundary an edge extractor configured to extract boundary edge 
line . The undesirable situations may include a situation that , 35 points used to estimate a boundary of the travel lane 
when the own vehicle traveling on a crooked roadway has to from the image acquired from the image acquirer ; 
turn left immediately after turning right , the driving aid a travel lane parameter estimator configured to use a filter 
system 1 may determine that the vehicle will deviate from prepared in advance to estimate travel lane parameters 
the estimated boundary line and thus perform driving aid representing a condition and shape of the travel lane 
operation to prevent the own vehicle from turning left . from coordinates of the boundary edge points extracted 

5. Modifications by the edge extractor ; 
A specific embodiment of the present disclosure has so far a shape change point extractor configured to extract a 

been described . However , the present disclosure should not shape change point at which an absolute value of a 
be construed as being limited to the foregoing embodiment , second derivative value of curvature of an extracted 
but may be modified in various modes . boundary line that is a boundary line represented by the 

( 5a ) In the embodiment set forth above , the result of boundary edge points extracted by the edge extractor 
determination made in the deviation determiner 47 is out exceeds a predetermined threshold ; 
putted to the driving aid 5. Alternatively , the result of a deviation determiner configured to , if two or more shape 
determination made in the deviation determiner 47 may be change points are extracted by the shape change point 
fed to the parameter estimator 45. If the result of determi- 50 extractor and the second derivative value of curvature 
nation made in the deviation determiner 47 indicates that of the extracted boundary line at at least one of the two 
deviation has been detected , the parameter estimator 45 may or more shape change points is inverted in sign , deter 
estimate the travel lane parameters separately for before and mine whether or not the extracted boundary line and an 
after the determination object point . That is , the travel estimated boundary line that is a boundary line esti 
parameters are separately estimated in each segment 55 mated from the travel lane parameters estimated by the 
between the j - th closest sign - inverted shape change point travel lane parameter estimator are deviating from each 
and the ( i + 1 ) -th closest sign - inverted shape change point other beyond a predetermined allowable range ; and 
along the extracted boundary line , where j is a positive a driving aid configured to , if it is determined by the 
integer value , the j - th closest sign - inverted shape change deviation determiner that the extracted boundary line 
point is , as viewed from the vehicle , the j - th closest shape 60 and the estimated boundary line are deviating from 
change point at which the second derivative value of cur each other beyond the predetermined allowable range , 
vature of the extracted boundary line is inverted in sign . This perform specific control of the vehicle to prevent 
configuration can increase accuracy of estimating the travel occurrence of undesirable situations caused by devia 
lane parameters further away from the determination object tion between the extracted boundary line and the esti 
point . mated boundary line . 

( 5b ) In the embodiment set forth above , the Kalman filter 2. The apparatus according to claim 1 , wherein the driving 
is used to estimate the travel lane parameters . Alternatively , aid is configured to , as the specific control , prohibit the 
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estimated boundary line from being used further away from extracting a shape change point at which an absolute 
the vehicle than a sign - inverted shape change point that is , value of a second derivative value of curvature of an 
as viewed from the vehicle , a closest shape change point at extracted boundary line represented by the boundary 
which the second derivative value of curvature of the edge points extracted exceeds a predetermined thresh 
extracted boundary line is inverted in sign . old ; 

3. The apparatus according to claim 1 , wherein the driving acquiring an estimated boundary line that is a boundary 
aid is configured to , as the specific control , cause the travel line estimated from the travel lane parameters ; 
lane parameter estimator to estimate the travel parameters in determining whether or not the extracted boundary line 
each segment between the j - th closest sign - inverted shape and the estimated boundary line are deviating from 
change point and the ( +1 ) -th closest sign - inverted shape each other beyond a predetermined allowable range , if 
change point along the extracted boundary line , j being a two or more shape change points are extracted by the 
positive integer value , the j - th closest sign - inverted shape shape change point extractor and the second derivative 
change point being , as viewed from the vehicle , the j - th value of curvature of the extracted boundary line at at 
closest shape change point at which the second derivative least one of the two or more shape change points is 
value of curvature of the extracted boundary line is inverted inverted in sign ; and 
in sign . performing specific control of the vehicle to prevent 

4. The apparatus according to claim 2 , wherein : occurrence of undesirable situations caused by devia 
the closest shape change point at which the second tion between the extracted boundary line and the esti 

derivative value of curvature of the extracted boundary 20 mated boundary line , if it is determined that the 
line is inverted in sign is a determination object point ; extracted boundary line and the estimated boundary 
and line are deviating from each other beyond the prede 

the deviation determiner is configured to , if a distance termined allowable range . 
between the determination object point along the 10. The method according to claim 9 , wherein performing 
extracted boundary line and the estimated boundary 25 the specific control includes , as the specific control , prohib 
line in a lane width - wise direction exceeds a predeter iting the estimated boundary line from being used further 
mined deviation threshold , determine that the extracted away from the vehicle than a sign - inverted shape change 
boundary line and the estimated boundary line are point that is , as viewed from the vehicle , a closest shape 
deviating from each other beyond the predetermined change point at which the second derivative value of cur 
allowable range . 30 vature of the extracted boundary line is inverted in sign . 

5. The apparatus according to claim 4 , wherein the 11. The method according to claim 9 , wherein performing 
deviation threshold increases with increasing distance from the specific control includes , as the specific control , esti 
the vehicle to the determination object point . mating the travel parameters in each segment between the 

6. The apparatus according to claim 1 , wherein , when j - th closest sign - inverted shape change point and the ( j + 1 ) -th 
both the extracted boundary line and the estimated boundary 35 closest sign - inverted shape change point along the extracted 
line are acquired for each of left and right boundaries of the boundary line , j being a positive integer value , the j - th 
travel lane , the deviation determiner is configured to , if a closest sign - inverted shape change point being , as viewed 
deviation direction of the left estimated boundary line from from the vehicle , the j - th closest shape change point at which 
the left extracted boundary line and a deviation direction of the second derivative value of curvature of the extracted 
the right estimated boundary line from the right extracted 40 boundary line is inverted in sign . 
boundary line are the same direction , determine that the 12. The method according to claim 10 , wherein : 
extracted boundary line and the estimated boundary line are the closest shape change point at which the second 
deviating from each other beyond the predetermined allow derivative value of curvature of the extracted boundary 

line is inverted in sign is a determination object point ; 
7. The apparatus according to claim 1 , wherein ; and 
a straight line connecting a point closest to the vehicle determining whether or not the extracted boundary line 

along the extracted boundary line and a point furthest and the estimated boundary line are deviating from 
away from the vehicle along the same extracted bound each other includes , if a distance between the determi 
ary line is a reference line for the extracted boundary nation object point along the extracted boundary line 
line ; and and the estimated boundary line in a lane width - wise 

the shape change point extractor is configured to extract direction exceeds a predetermined deviation threshold , 
a maximal point along the extracted boundary line such determining that the extracted boundary line and the 
that a distance from the maximal point to the reference estimated boundary line are deviating from each other 
line for the extracted boundary line becomes maximal , beyond the predetermined allowable range . 
as the shape change point . 13. The method according to claim 12 , wherein the 

8. The apparatus according to claim 1 , wherein the filter deviation threshold increases with increasing distance from 
used by the travel lane parameter estimator is a Kalman the vehicle to the determination object point . 
filter . 14. The method according to claim 9 , wherein , when both 

9. A method of recognizing a travel lane of a vehicle , the extracted boundary line and the estimated boundary line 
comprising : 60 are acquired for each of left and right boundaries of the 

acquiring from a camera mounted in the vehicle an image travel lane , determining whether or not the extracted bound 
of the travel lane ; ary line and the estimated boundary line are deviating from 

extracting boundary edge points of the travel lane ; each other includes , if a deviation direction of the left 
using a filter prepared in advance to estimate travel lane estimated boundary line from the left extracted boundary 

parameters representing a condition and shape of the 65 line and a deviation direction of the right estimated bound 
travel lane from coordinates of the boundary edge ary line from the right extracted boundary line are the same 
points ; direction , determining that the extracted boundary line and 
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the estimated boundary line are deviating from each other 
beyond the predetermined allowable range . 

15. The method according to claim 9 , wherein : 
a straight line connecting a point closest to the vehicle 

along the extracted boundary line and a point furthest 5 
away from the vehicle along the same extracted bound 
ary line is a reference line for the extracted boundary 
line ; and 

extracting a shape change point includes extracting a 
maximal point along the extracted boundary line such 10 
that a distance from the maximal point to the reference 
line for the extracted boundary line becomes maximal , 
as the shape change point . 

16. The method according to claim 9 , wherein the filter is 
a Kalman filter . 

17. The apparatus according to claim 1 , wherein the 
specific control includes at least notification control to notify 
a driver of the vehicle that estimation accuracy of the travel 
lane parameters has been decreased or functionality suspen 
sion control to suspend some or all of control functions using 20 
the travel lane parameters . 

18. The method according to claim 9 , wherein the specific 
control includes at least notification control to notify a driver 
of the vehicle that estimation accuracy of the travel lane 
parameters has been decreased or functionality suspension 25 
control to suspend some or all of control functions using the 
travel lane parameters . 
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